1. Introduction {#sec1}
===============

Alcohol consumption may be associated with multiple detrimental health effects including the alcoholic liver disease (ALD). Excessive alcohol intake causes 4.5% of common diseases and accounts for 4% of mortality in the general world population, while in Eastern European countries it is a major cause of death among men aged 15-59 years \[[@B1]--[@B3]\]. The liver is a unique organ controlling metabolic response to alcohol. Hepatocytes are the major cell type supporting ethanol metabolism and paradoxically can become a major cellular target for ethanol toxicity. In general terms, the liver is the first gate-keeper for all nutrients, electrolytes, xenobiotics, and toxic substances absorbed in the gastrointestinal tract. Following alcohol intake the portal blood contains 2-3 times more ethanol than blood from the systemic circulation \[[@B4]\]. Moreover, the liver is the major organ of ethanol bioconversion pathways known to produce various toxic ethanol intermediates including acetaldehyde \[[@B5]\].

Alcohol is considered to be a potential precipitating etiogenic factor causing acute, chronic, or acute-on-chronic liver failure \[[@B6]\]. Alcoholic liver disease (ALD) is associated with high morbidity as well as mortality fluctuating from 30 to 50% worldwide with the severity ranging from asymptomatic derangement of liver biochemistry parameters to liver failure or death \[[@B7]\]. Rapidly progressing jaundice and coagulopathy accompanied by encephalopathy are the most common symptoms of acute alcoholic and acute-on-chronic liver failure \[[@B7], [@B8]\]. Chronic forms of ALD are represented by a spectrum of pathological conditions ranging from steatosis (fatty liver) to steatohepatitis and in the most severe cases by liver fibrosis, cirrhosis, and hepatocellular carcinoma \[[@B9], [@B10]\].

The pathogenesis of ALD is still poorly understood \[[@B8]\]. The direct effects of ethanol and especially its main toxic intermediate, acetaldehyde, on liver cells were under the scope of the majority of investigators for decades. However, recent progress in molecular science has unveiled the pivotal role of an ethanol-induced inflammatory response initiated by an increased gut permeability and endotoxin portal influx which leads to the subsequent activation of macrophages and Kupffer cells resulting altogether in increased production of cytokines \[[@B11], [@B12]\]. Therefore, besides abstinence from alcohol, anti-inflammatory interventions become the first choice option in management of ALD \[[@B11], [@B13]\]. A deeper insight has also been gained recently into the potential role of reactive oxygen species (ROS) and antioxidants in the etiology, pathogenesis, and outcomes of ALD \[[@B14], [@B15]\]. This fuels the recent interest of many researchers in antioxidant use for the treatment of ALD \[[@B15], [@B16]\]. Although ingestion of a single dose of alcohol, ranging from the intake of a moderate amount alcohol to binge drinking, is the most frequent form of alcohol consumption, its medical consequences are studied and understood much less than the pathogenesis and treatment of ALD. At present, no medical or pharmacological recommendations are clearly defined for occasional alcohol intake.

In the present paper we report that ingestion of a novel lycosome-phospholipid nutraceutical formulation containing lycopene, an antioxidant, and phosphatidylcholine (PC), a membrane-stabilizing phospholipid, ameliorates some abnormalities of biological oxidation in healthy volunteers following single intake of a moderate amount of alcohol and can be used for the prevention of alcohol-induced complications following occasional alcohol intake.

2. Materials and Methods {#sec2}
========================

The study was initiated and conducted by Lycotec Ltd. (Cambridge, UK) at its facilities in Cambridge, UK, and at the Institute of Cardiology, the Ministry of Health of the Russian Federation (Saratov, Russian Federation). The study was conducted under a protocol approved by the local Ethics Committee and registered ([ACTRN12617001335381](https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=373224)). The study was designed as a single, interventional, randomized, crossover, placebo-controlled study to determine whether lycosome-formulated phosphatidylcholine (PC-Lyc) ingested shortly before the alcohol-containing beverage may alleviate the biochemical markers of liver damage (plasma activity of liver-specific enzymes) and parameters of biological oxidation (total antioxidant capacity of serum, oxidized LDL, and Inflammatory Oxidative Damage) associated with the intake of a moderate amount of alcohol. Therefore the end points of the study included the values for ethanol (EtOH) and acetaldehyde (AA) concentration in serum and parameters of biological oxidation and serum liver-specific enzymes during the recovery phase (1, 2.5, and 5 hours) after acute intake of alcohol following ingestion of lycosome-formulated phosphatidylcholine (PC-Lyc) or PC alone. All volunteers were fully informed about the purpose of the study and its specific aims as well as its outcomes and signed a written consent form regarding their participation. All volunteers went through physical and laboratory examinations and were asked about their medical history and socioeconomic situation. All medical evaluations were performed in a window of time from 0-30 days before study initiation. Evaluations included the vital signs, determination of body mass index, anthropometry, blood pressure measurement, and electrocardiography. Among the laboratory tests were determination of fasting serum glucose and lipids (total cholesterol, LDL cholesterol, HDL, and total triglyceride levels), determination of ALT and AST levels, total bilirubin, and hs-CRP. All volunteers were also the subject of a standard hematological investigation. The volunteers were requested to abstain from consumption of alcohol and any nutritional supplements for 2 weeks prior to the study and were subjected to alcohol intake strictly as mandated by the study protocol. Only volunteers with undetectable serum levels of ethanol and acetaldehyde at the zero time point of the study were allowed to participate in the trial.

The volunteers were randomized according to their age, gender, body weight, and BMI using a simple randomization method and block randomization.

2.1. Subjects and Inclusion/Exclusion Criteria {#sec2.1}
----------------------------------------------

Subjects were healthy Caucasian males and females with no history of extensive alcohol use or liver disease aged from 40 to 60 years and body weight from 60 to 90 kg and healthy body mass index (BMI, 19-24).

### 2.1.1. Major Inclusion Criteria {#sec2.1.1}

They were as follows: Caucasian male or female subjects 30-60 years old, absence of concomitant intake of antihypertensive, lipid-lowering or any other cardiovascular drugs, vitamin supplements or any specific dietary interventions, and no anamnestic indication of heavy alcohol use.

### 2.1.2. Major Exclusion Criteria {#sec2.1.2}

They were as follows: inability to comply with the study protocol, severe medical conditions (hepatitis, pancreatitis, uncontrolled diabetes, cancer, recent cardiovascular events, tuberculosis, etc.), history of alcohol abuse/alcoholism, and tomato and egg allergies.

2.2. Study Protocol {#sec2.2}
-------------------

### 2.2.1. Wash-Out Period {#sec2.2.1}

The volunteers were asked to refrain from consumption of alcohol and tomato based products for 14 days before beginning the study.

### 2.2.2. Alcohol Intake {#sec2.2.2}

The interventional procedure was conducted strictly according to the conditions described in the approved protocol. The volunteers were requested to abstain from any food intake and arrive at the study site for a standardized breakfast in the fasting state at 9.00 am. Upon arrival at the study site all volunteers were given a standardized breakfast which included 2 scrambled eggs (total mass 122 gr, 186 kcal, 1.2 g of carbohydrates, 12.6 g of protein, and 14 gr of fat) with 2 slices of bread (total mass 50 gr, 134 kcal, 24.8 g of carbohydrates, 4 gr of protein, and 0.18 gr of fat). Breakfast was served hot and prepared by trained food workers prior to arrival of volunteers at the study site and carefully weighed. Participants were requested to ingest all breakfast food. Study products were given immediately after the standardized breakfast.

Dosing with alcohol took place 1 hour after the standardized breakfast and ingestion of investigational product. The volunteers were offered 240 ml of alcohol-containing beverage containing lemonade and alcohol. To make lemonade 1000 ml of Nestle drinking water was mixed with 2 crushed lemons. The mixture was kept overnight at 4°C, filtered, and used for the study as a cold beverage. Alcohol was served at doses of 0.5 gr/kg or 1.0 gr/kg in individually labeled plastic bottles giving consideration to group assignment and adjusted to the body weight of each volunteer. For making alcohol-containing lemonade a 98% solution of alcohol made from corn (Everclear-R, Luxco, USA) was used. All bottles were labeled with the names of the participants and kept at 4°C before serving. Volunteers from all groups were asked to consume the lemonade beverages with alcohol at the same time within 15 minutes. From this time point the countdown of an observational period was designed to begin. The duration of the observational period was 5 hours.

### 2.2.3. Observational Period {#sec2.2.3}

During the observational period all study participants were allowed to drink regular water only. No food intake was allowed. Throughout the observational period (prior to alcohol intake as well as at 1, 2.5, and 5 hours after dosing with alcohol) blood specimens were collected and processed for biochemical analysis. Serum was frozen at -- 80°C for later analysis.

2.3. Study Groups {#sec2.3}
-----------------

The study was conducted using 30 healthy volunteers divided into three groups containing 10 volunteers each. Individuals from the first subgroup were assigned to receive one hour prior to alcohol dosing a placebo capsule, and the subjects from the second group were assigned to receive one hour prior to alcohol dosing a capsule containing regular formulation of phosphatidylcholine (PC). Volunteers from the third subgroup were given a capsule containing lycosome formulation of PC. There were two alcohol challenges performed by oral intake of the alcohol-containing beverage. During the first challenge volunteers were given an alcohol-containing drink equivalent to 0.5 ml of ethanol/kg of body weight. After the five-hour observational period and blood sampling the volunteers were dismissed for 10 days (recovery period) and were asked to attend the study site for the second alcohol challenge performed by oral intake of alcohol-containing beverage at a dose of 1.0 ml ethanol/kg of body weight. The biochemical parameters of serum at the zero time point were taken into consideration to select retrospectively qualifying individuals. Four volunteers showed some deviations in health status and/or in serum biochemical values at the second challenge which were not related to the study specifics (respiratory infections). These individuals were replaced with qualifying volunteers from a preselected pool of volunteers. All parameters obtained during the observational period were compared to the basal control values acquired from each study participant on the same day as intervention. No "historic" controls were allowed to be used in the analysis of results following the second challenge with alcohol.

2.4. Study Products {#sec2.4}
-------------------

### 2.4.1. Placebo {#sec2.4.1}

Placebo group participants received a capsule containing 450 mg of inert, irrelevant, and nonabsorbable compound.

### 2.4.2. Regular Formulation of Phosphatidylcholine (PC) {#sec2.4.2}

The participants ingested a capsule with 450 mg of phosphatidylcholine (PC, pharmaceutical grade) obtained from Lipoid GmbH, Germany.

### 2.4.3. Lycosome Formulation of Phosphatidylcholine (PC-Lyc) {#sec2.4.3}

Participants were assigned to take a capsule containing 450 mg of PC as lycosome formulation containing 7 mg of lycopene (Lycotec, Cambridge, UK). The lycopene used for formulation of the PC lycosomes was in the form of tomato oleoresin from Lycored Inc. (NJ, USA) and contained 97% of all trans-isomers and 3% of all cis-isomers.

Lycosome formulation of PC is a proprietary formulation of PC (Lycotec Ltd., Cambridge, UK) with enhanced bioavailability of phospholipid in which phospholipid is protected from oxidation by a lycopene layer. Lycopene-based lycosomes \[[@B17], [@B18]\] provide a significant degree of protection to cargo molecules from stomach acidity and intestinal enzymes increasing thereby the bioavailability of PC and its intestinal absorption rate. As we have shown previously \[[@B17]--[@B24]\], lycosome microencapsulation enhances bioavailability and intestinal absorption rate of some amphiphilic nutraceuticals (resveratrol, whey protein peptides, and cocoa polyphenols) and pharmaceuticals (HMG-CoA reductase inhibitors).

All individual packages containing PC formulations were labeled with a numerical code and shipped to the study site. None of the volunteers were informed about the study group assignment or the dispensed product specification for the duration of the study period.

2.5. BMI, Pulse Rate, and Blood Pressure {#sec2.5}
----------------------------------------

Body mass index (BMI) was calculated as described elsewhere. Pulse rate and systolic and diastolic blood pressure were measured three times in the left arm of seated volunteers following 15 minutes of rest. The time between measurements was no less than 2 minutes. The mean value for each parameter was calculated. All parameters were measured in the morning between 8 and 10am.

3. Analytical Procedures {#sec3}
========================

3.1. Ethanol Measurements in Serum {#sec3.1}
----------------------------------

A gas chromatography with flame ionization detection method (GC--FID) with direct injection and a capillary column was used for ethanol (EtOH) measurements in serum \[[@B25]\]. One hundred microliters of serum sample was mixed with 10 *μ*L of IS (2.2 g/L 1-propanol in deionized water). The samples were diluted to 500 *μ*L with Triton X-100 solution (1,2% in deionized water). Each tube was vortex-mixed and centrifuged at 16,000 g for 5 min at 4°C. A fixed volume of supernatant (0.5 *μ*L) was injected into the GC. The GC used was a Shimadzu 2010 GC, the injection port of the chromatograph was fitted with a glass liner (5-mmi.d.) appropriate for split analysis, and the liner was replaced after 50 injections. The analyses were performed under the following chromatographic conditions: column, Supelcowax 10, 30 m × 0.32 mm i.d., and DF = 0.25 *μ*m. The temperature of the FID was 220°C, and the injector temperature was 220°C. The oven temperature was programmed to 40°C (for 1 min), followed by an increase of 5°C/min up to 70°C, followed by an increase of 20°C/min up to 200°C. The carrier gas was helium with a flow rate of 1.5 mL/min. The split ratio was 100.

3.2. Acetaldehyde Determination in Serum {#sec3.2}
----------------------------------------

Acetaldehyde in serum specimens was measured by a combination of high performance chromatography and solid-phase extraction as described \[[@B26]\]. An aliquot of the chilled serum (0.1 mL) was deproteinated with 0.3mL of 3M perchloric acid on ice, followed by the immediate addition of 0.8mL of 3M sodium acetate. Following centrifugation, the supernatant was recovered and mixed with 0.5 mL of 2mM DNPH solution (0.1M acetate buffer (pH 4)--DMSO = 16:9), and the mixture was then allowed to react for 10 minutes at room temperature. A 2ml aliquot of n-hexane was added and the tubes vortex mixed for 60 s and centrifuged at 3000g for 2 min. The n-hexane layer was then carefully transferred to another vial and evaporated to dryness. The samples were redissolved in 300 *μ*l of 50% acetonitrile and injected into a UPLC Acquity BEH C18 1,7 *μ*m VanGuard precolumn (Waters, USA) which was run at 40°C in this analysis. The quantitative determinations were performed isocratically at a flow rate of 0,3 mL/min. The mobile phase consisted of acetonitrile and 0,2% trifluoroacetic acid solution in water (45:55). The ACH--DNPH peaks were detected at an absorbance of 363 nm with a diode-array detector.

3.3. Laboratory Parameters {#sec3.3}
--------------------------

Total cholesterol (TC), triglycerides (TG), HDL/LDL cholesterol, glucose, and C-reactive protein (CRP) were measured using a Biosystem A25 automated analyzer (Applied Biosystems, Grand Island, NY) using BioSys kits and calibrators.

3.4. Total Antioxidant Capacity (TAC) {#sec3.4}
-------------------------------------

Frozen serum specimens were analyzed within 10 days of collection using Biorex reagents according to the manufacturer\'s instructions (Biorex Diagnostics, Antrim, UK). Results were expressed as mmol of trolox equivalent (TE) per liter (mM TE/L).

3.5. Inflammatory Oxidative Damage (IOD) {#sec3.5}
----------------------------------------

Serum samples were incubated overnight in 0.05 M PBS acetate buffer (pH 5.6) which would imitate the type of oxidative damage occurring during the release of lysosomes following neutrophil degranulation. The following morning, the reaction was terminated using trichloroacetic acid. The concentration of the end products such as malonic dialdehyde (MDA) and other possible thiobarbituric acid reactive substances (TBARS) was then measured by colorimetric methods \[[@B27], [@B28]\] using reagents and kits from Cayman Chemical (MC, USA).

3.6. Oxidized LDL (LDL-Px) {#sec3.6}
--------------------------

Activity of serum LDL peroxidase proteins, which include IgG with superoxide dismutase activity, was measured as described previously \[[@B29], [@B30]\].

3.7. Statistics {#sec3.7}
---------------

The results are shown as averages with standard deviation. For the assessment of normally distributed parameters, the Shapiro--Wilk method was used. Student\'s t-test was then applied both for paired and for unpaired samples. Between-group differences at one time point were evaluated by the Wilcoxon--Mann--Whitney test (continuous variables) and Fisher\'s exact test (categorical variables). Serum levels of AST and ALT were analyzed using median values and 5% and 95% confidence intervals. AST values are shown as box and whisker plots. Data analysis was performed using Stata (College Station, TX) SE, version 12.1. All statistical tests were two-sided and statistical significance level alpha was set at 0.05 for the analysis.

4. Results {#sec4}
==========

4.1. Randomization {#sec4.1}
------------------

As can be seen from [Table 1](#tab1){ref-type="table"}, there was a successful randomization of volunteers between the three major groups of the study. No significant differences were seen in gender representation, BMI values, hepatic enzyme levels, serum lipids, and blood pressure parameters in the volunteers enrolled in the study.

4.2. Changes in EtOH and AA {#sec4.2}
---------------------------

[Table 2](#tab2){ref-type="table"} shows that ingestion of alcohol (0.5 ml/kg or 1.0 ml/kg) resulted in the increase of serum EtOH concentration reflecting the alcohol dose and time of postingestion period. However, at the same dose level changes in the serum EtOH concentration after 1 hour of ingestion were similar in quantitative terms regardless of group identity. In particular, ingestion of alcohol at 0.5 ml/kg gave a similar increase in mean values for EtOH between 455.31 and 511.67 mg/l among the three groups of volunteers. Therefore, none of the interventions seem to affect EtOH absorption from the gastrointestinal tract. As expected, a higher dose of alcohol ingested (1.0 ml/kg) was translated into higher EtOH build-up in the serum (approximately 2-fold higher than at dose of 0.5 ml/kg, [Table 1](#tab1){ref-type="table"}). Interesting changes were seen in the EtOH concentration during the postabsorption period. There was a \~10-fold reduction in the serum EtOH level in all three groups of volunteers at 0.5 ml/kg dose at the end of the observational period. However, all subgroups of volunteers ingesting a higher amount of alcohol (1.0 ml/kg) showed a less significant reduction of serum EtOH concentration which translated at the 5th hour of the observational period into only a 2-fold decline from the starting values. Once again, ingestion of PC regardless of the formulation used had no effect on EtOH clearance dynamics. However, there were significant intergroup differences in serum acetaldehyde (AA) level. First of all, as can be seen from [Table 2](#tab2){ref-type="table"}, regardless of group identity, ingestion of alcohol at 1.0 ml/kg dose was accompanied by an approximately 3 times higher level of AA than was seen with a 0.5 ml/kg ingestion dose. Unlike EtOH serum levels, AA concentration in the placebo control group did not significantly decline especially at the higher (1 ml/kg) ingested dose of alcohol. PC-supplementation did not considerably affect AA levels either. However, volunteers supplemented with lycosome formulation of PC showed a significant reduction in serum AA values especially at the end point of the study. In particular, serum AA in the PC+Lyc group at the 5th hour of the postingestion period (0.5 ml/kg and 1.0 ml/kg) was 58.2% and 25.0% lower than the corresponding values for the placebo group. Overall, unlike EtOH concentration dynamics, a perceptible clearance of AA was seen only in the PC+Lyc group at the end point of the study.

4.3. Changes in Total Antioxidant Capacity (TAC) {#sec4.3}
------------------------------------------------

[Table 3](#tab3){ref-type="table"} shows changes in serum TAC levels in volunteers. As can be seen below, alcohol intake leads to a statistically significant reduction of serum TAC values in the placebo-treated volunteers at the end of the observational period. In particular, TAC values were reduced by 18.5% and 16.1% in both placebo groups ingesting 0.5 and 1.0 ml/kg of alcohol, respectively. In contrast, supplementation with regular PC prevented such a decline and resulted in a measurable increase of serum TAC values at the 2.5 hours\' and 5 hours\' time points of the observational period. However, ingestion of lycosome-formulated PC was the most effective in the upregulation of serum TAC values after alcohol intake. There were 38.8% and 29.0% increases in serum TAC in the PC-Lyc group ingesting 0.5 and 1.0 ml/kg of alcohol, respectively, at the 5 hours\' time point. A smaller but still measurable increase was seen at the midpoint of the study (2.5 hours).

4.4. Changes in MDA and LDL-Px {#sec4.4}
------------------------------

There was a time-dependent decline in serum MDA level in the placebo-treated volunteers subjected to alcohol intake ([Table 4](#tab4){ref-type="table"}). A higher amount of alcohol ingested (1.0 ml/kg) was accompanied by a more significant decline in serum MDA. Supplementation with regular PC intensified the reduction of serum MDA levels at the end point of the study especially in the group of volunteers ingesting 1.0 ml/kg of alcohol. Nevertheless, the most significant reduction in serum MDA values took place in the participants of the study supplemented with the lycosome formulation of PC. In particular, there was a 62.0% reduction in serum MDA in the volunteers ingesting 0.5 ml/kg of alcohol at the end of the observational period, while the individuals ingesting a higher amount of alcohol (1.0 ml/kg) showed a 78.2% decrease in MDA serum level at the same time point.

A different pattern of changes was seen in serum concentration of oxidized LDL ([Table 4](#tab4){ref-type="table"}). There was a step-wise increase of serum oxidized LDL in placebo-treated volunteers after alcohol ingestion, especially at the alcohol dose of 1.0 ml/kg (a 21.2% over control value at the 5th hour of the observational period). A corresponding increase in the 0.5 ml/kg group was less significant (11.4%). Supplementation of volunteers with regular PC abolished these changes. There was only a 4.4% increase in serum oxidized LDL at the end point of the study in volunteers ingesting 1.0 ml/kg of alcohol. A similar tendency was seen at the lower dose of alcohol ingested ([Table 4](#tab4){ref-type="table"}). Interestingly, lycosome formulation of PC completely reversed the alcohol-induced increase in oxidized LDL levels. There was a similar 13% decline in oxidized LDL at an alcohol intake dose of 0.5 ml/kg and 1.0 ml/kg.

4.5. Liver-Specific Markers, Serum Lipids, and hs-CRP {#sec4.5}
-----------------------------------------------------

No statistically significant changes were seen in serum AST levels or in bilirubin serum levels. Changes in serum lipids and hs-CRP were below the level of statistical significance accepted in our study.

Similarly, no statistically significant changes were seen in the serum ALT levels with the 0.5 ml/kg alcohol challenge. However, there was a small but measurable increase in serum ALT activity in the volunteers following intake of 1.0 gr/kg of alcohol. [Figure 1(a)](#fig1){ref-type="fig"} shows that after 2.5 hours following intake of alcohol at a dose of 1.0 gr/kg there was an increase in the median ALT values (up to 36.0 IU, 95/5%% CIs: 34.4/40.55) as compared to the zero time point (29.00 IU, 95/5%% CIs:25.00/33.65, P=0.034). Interestingly, such an increase did not take place in the PC- supplemented groups (P\>0.05).

5. Discussion {#sec5}
=============

The main conclusion from the work presented above is that supplementation of the volunteers with lycopene, a powerful antioxidant, and phosphatidylcholine (PC), a membrane-stabilizing agent, ingested as a highly bioavailable combined lycosome formulation before single intake of a moderate amount of alcohol, ameliorates the increase in serum level of acetaldehyde without affecting circulating levels of ethanol and corrects some abnormalities of biological oxidation caused by alcohol intake.

Moreover, as we have shown above, even single ingestion of a moderate amount of alcohol leads to a state of antioxidant deficiency, as reflected by the decline in TAC of serum and the increase in serum oxidized LDL. Interestingly, these changes developed in a manner reflecting the dose of alcohol as well as time of postabsorption period and could be prevented by two microencapsulated nutraceuticals (PC and lycopene) ingested as a highly bioavailable formulation before alcohol intake. Most importantly, single ingestion of a moderate amount of alcohol under the study conditions was not accompanied by signs of hepatocyte damage. There was only a small and transient increase in AST levels preventable by ingestion of either regular PC or lycosome formulation of PC and lycopene.

First of all, it has to be stated from the beginning that there is a compelling scientific rationale for the use of PC and lycopene in ALD. Both compounds are powerful antioxidants warranting their use in alleviation of the ethanol-induced hepatic oxidative burst which is a keystone characteristic of ALD \[[@B14]--[@B16]\]. Moreover, ALD is known to be characterized by limited bioavailability of PC and choline in the liver arising from the ability of ethanol to inhibit hepatic methionine synthase which ultimately results in the suppression of PC biosynthesis in the liver \[[@B32]--[@B34]\].

The liver is known to metabolize nearly 90% of ingested ethanol \[[@B35]\]. As we have shown above there is a clear dose-dependency pattern in the dynamics of ethanol clearance. The lower dose of alcohol (0.5 ml/kg) is accompanied by a moderate and transient increase in serum EtOH and AA levels, whereas ingestion of the higher dose of alcohol (1.0 ml/kg) leads to a sustained surge in serum EtOH and AA concentrations. There is a two-step hepatic enzymatic conversion pathway for ethanol \[[@B36]\]. First, the ethanol molecule is converted into acetaldehyde (AA), a highly toxic metabolite mediating alcohol "hangover" symptoms (headache, nausea, and tachycardia), by hepatic cytosolic alcohol dehydrogenase, ADH. Further, AA is transformed into acetic acid, a nontoxic metabolite \[[@B36], [@B37]\], by mitochondrial aldehyde dehydrogenase type 2 (ALDH-2) highly expressed in liver and to a lesser extent in other tissues (muscles, brain). Although we did not measure activity of ADH and ALDH-2 in the subjects enrolled, the pattern of changes in serum EtOH and AA concentrations seen in the volunteers allows us to make some projections. It is believed \[[@B35]\] that reduction of AA in blood coexisting with unchanged levels of EtOH can be suggestive of more efficient ALDH-2-mediated hepatic enzymatic conversion of AA into acetate. Therefore, it is possible to assume that supplementation with highly bioavailable PC and lycopene increases ALDH-2 activity in the liver and possibly other tissues. Such an assumption becomes more plausible due to the fact that tomato juice constituents increase ALDH-2 activity, a NAD-dependent enzyme, by improving NAD/NADH ratio as well as increasing hepatic pyruvate level \[[@B38]\]. However, according to our results even supplementation of volunteers with PC alone was capable of reducing serum AA values at the end of the observational period (5th hour, 1 ml/kg of alcohol intake). In this sense it has to be mentioned that ALDH-2 is a mitochondrial matrix-associated enzyme; therefore a direct mitochondria-stabilizing effect of PC \[[@B39], [@B40]\] may contribute to the improved AA turnover seen in volunteers supplemented with PC alone and PC-lycopene formulation before alcohol intake.

On the other hand, it has recently been shown \[[@B41]\] that, besides reducing AA levels, ALDH-2 activation triggers various antioxidant pathways in the early phase of EtOH intoxication and lowers AA-induced reactive oxygen species (ROS) production via activation of PI3K/AKT, SIRT, and CYP2E1 pathways \[[@B42]\] which is consistent with the dose- and time-dependent decline in malonic dialdehyde seen in our study in the placebo-treated treated groups of volunteers. Our results allow us to suggest that the decrease in MAD levels takes place, at least partially, at the expense of depletion of total serum antioxidant capacity simultaneously observed in the placebo groups of the study. The decline in MDA serum level following single alcohol ingestion was a rather unexpected outcome in our study considering multiple references on activation of ROS production in ALD \[[@B42], [@B43]\]. However, unchanged or decreased levels of hepatic and serum MDA after acute alcohol exposure have been reported before by others \[[@B43]--[@B45]\]. In our view the changes in serum MDA and other oxidative stress markers following alcohol intake reflect the dose and multiplicity of alcohol challenge and are likely to follow a biphasic pattern. It seems that the initial activation of ROS production in abstinent individuals after single dose alcohol intake might be well covered by depletion of an endogenous antioxidant pool and activation of ALDH-2 mediated antiradical mechanisms and can be prevented by preingestion of antioxidants. However, prolonged and/or repeated alcohol insults, characterized by sustained AA increase and appearance in the liver of new secondary EtOH metabolites (advanced glycation end-products and others), may activate proinflammatory hepatic pathways and release of ROS from Kupffer and stellate cells leading altogether to increased production of MDA \[[@B46], [@B47]\]. It is interesting that lycosome formulation of PC and lycopene gave a more significant reduction in serum AA, MDA, and oxidized LDL than PC alone at both doses of alcohol intake ([Table 2](#tab2){ref-type="table"}). This raises a question about possible synergism between PC and lycopene in regulation of hepatic metabolism of ethanol and suggests an improved bioavailability of these nutraceuticals when ingested in the form of lycosomes. First of all, it has to be mentioned that both compounds---PC and lycopene---have distinct antioxidant properties which explains their effect on TAC. PC contains at least one unsaturated fatty acid and choline, which are two antiradical constituents \[[@B48]\], while antioxidant activity of lycopene is mediated by eleven conjugated double bonds in its tetraterpene structure \[[@B49]\]. Therefore, their coingestion as ingredients of lycosome formulation of PC may result in the potentiation of their effects on ethanol conversion and oxidative metabolism.

Our study has obvious limitations. First of all, without isotope analysis, the lycosome-derived PC and lycopene are chemically indistinguishable by means of conventional chemistry from endogenously synthesized analogs circulating in blood. Thus, increased TAC values in volunteers after ingestion of lycosome formulation of PC are the only available but still reasonably informative indication of enhanced bioavailability of PC and lycopene. Secondly, there is a distinct ethnicity pattern in the response to alcohol as well as obvious regional differences in dietary and antioxidant status \[[@B50]\]. Therefore, the relevance of ethnic and nutritional status of volunteers after single intake of alcohol requires vigilant consideration in future studies. Thirdly, as we have shown above, even single ingestion of a moderate amount of alcohol leads to an increase in oxidized LDL level which contradicts epidemiological results regarding the cardioprotective effect of alcohol in moderate alcohol consumers. The significance of this increase in a parameter of cardiovascular health needs to be addressed in future work. And, finally, the pharmacokinetic parameters of PC and lycopene ingested as lycosome microparticles should be directly assessed in prospective studies by isotope/isomer analysis.
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![**Time-course ALT changes (a) and intergroup ALT differences (b) after alcohol intake.*Box-and-Whisker Analysis*.** The volunteers were enrolled, screened, and randomized as described in the Material and Methods and given study products as well as alcohol-containing beverages. The parameters were measured at "0" hours and after 1, 2.5, and 5 hours following the intervention.](APM2018-5840451.001){#fig1}

###### 

**baseline characteristics (averages±SD).** The volunteers were enrolled, screened, and randomized as described in the Material and Methods. The baseline parameters were measured at day "0" of clinical trial before ingesting the study products.

  -----------------------------------------------------------------
  **VARIABLE**                **GROUPS**               
  --------------------------- ------------ ----------- ------------
  Number of Patients          10           10          10

                                                       

  Males                       5            6           5

                                                       

  Females                     5            4           5

                                                       

  Age                         49.1 ± 4.8   52.3±3.9    53.9±4.2

                                                       

  Light/Moderate Smokers      4            3           2

                                                       

  Body Mass Index             23.5 ± 1.4   22.6±1.7    21.4±1.6

                                                       

  AST in U/L                  26.1 ± 6.8   27.4±5.1    29.3±6.3

                                                       

  ALT in U/L                  29.5 ± 5.6   25.7±6.4    26.8±4.6

                                                       

  Fasting Glucose in mmol/L   5.9 ± 0.4    5.9±0.3     5.4±0.6

                                                       

  Total\                      212.0±11.3   198.5±8.9   215.6±12.3
  Cholesterol in mg/Dl                                 

                                                       

  Triglycerides in mg/Dl      128.0±12.6   115.6±5.7   130.9±7.8

                                                       

  LDL in mg/Dl                120.3 ±8.2   131.4±7.3   133.9±11.7

                                                       

  HDL in mg/Dl                43.3 ± 3.9   46.3±1.7    44.7±2.0

                                                       

  Pulse rate per min          71.8 ± 4.0   69.3±3.5    74.3±4.7

                                                       

  Blood Pressure in mm Hg                               

                                                       

  Systolic                    120.1±3.9    114.8±5.1   112.0±6.3

                                                       

  Diastolic                   77.8±3.2     71.4±2.8    69.9±3.3
  -----------------------------------------------------------------

###### 

**Serum ethanol (EtOH) and acetaldehyde (AA) values (averages+/- SD).** The volunteers were enrolled, screened, and randomized as described in the Material and Methods and given study products as well as alcohol-containing beverages. The parameters were measured after 1, 2.5, and 5 hours following the intervention.

  **Groups**                   **0.5 ml/kg**                                      **1.0 ml/kg**       
  ------------- -------------- ----------------- ---------------- --------------- ------------------ -----------------
                                                 Et OH mg/l                                          
                                                                                                     
  **Placebo**   455.31±25.44   314.27±17.34*∗*   45.28±12.19*∗*   1121.87±37.89   1010.39±25.59*∗*   539.21±27.34*∗*
                                                                                                     
  **PC**        487.29±18.37   351.89±21.58*∗*   40.22±14.31*∗*   1235.54±29.14   931.56±17.45*∗*    647.24±24.76*∗*
                                                                                                     
  **PC+Lyc**    511.67±26.72   326.43±19.98*∗*   54.24±17.22*∗*   1175.86±27.76   972.33±21.56*∗*    621.56±21.69*∗*
                                                                                                     
                                                 A A mg/l                                            
                                                                                                     
  **Placebo**   1.12±0.14      0.87±0.15*∗*      0.79±0.09*∗*     2.86±0.19       2.99±0.16          2.76±0.21*∗*
                                                                                                     
  **PC**        1.33±0.17      0.94±0.12*∗*      0.83±0.11*∗*     2.88±0.21       2.67±0.19          2.41±0.18*∗*
                                                                                                     
  **PC+Lyc**    0.75±0.12      0.57±0.11*∗*      0.33±0.12*∗*     2.97±0.17       2.34±0.20*∗*       2.07±0.15*∗*

*∗* P\<0.05 as compared to "1-hour" time point

###### 

C**hanges in total antioxidant capacity (TAC) of serum.** The volunteers were enrolled, screened, and randomized as described in the Material and Methods and given study products as well as alcohol-containing beverages. The parameters were measured at "0" hours and after 1, 2.5, and 5 hours following the intervention.

  **TAC (mM TE/L) Averages±SD**                                                    
  ------------------------------- ------------------ -------------- -------------- --------------
                                  **Time Points:**                                 
  **Groups**                      "0" Hour           1 h            2.5 h          5 h
                                                                                   
  Alcohol Intake 0. 5 ml/kg                                                        
                                                                                   
  Placebo                         1.78±0.11          1.80±0.13      1.61±0.15      1.45±0.15*∗*
                                                                                   
  PC                              1.69±0.09          1.79±0.13      1.90±0.08*∗*   2.15±0.12*∗*
                                                                                   
  PC+Lyc                          1.70±0.10          1.93±0.12*∗*   2.12±0.14*∗*   2.36±0.16*∗*
                                                                                   
  Alcohol Intake 1.0 ml/kg                                                         
                                                                                   
  Placebo                         1.67±0.10          1.60±0.13      1.53±0.16      1.40±0.12
                                                                                   
  PC                              1.74±0.13          1.70±0.09      1.95±0.11*∗*   2.03±0.18*∗*
                                                                                   
  PC+Lyc                          1.79±0.12          1.82±0.14*∗*   2.20±0.15*∗*   2.31±0.20*∗*

*∗* P\<0.05 as compared to "0-hour" time point

###### 

**Changes in serum malonic dialdehyde (MDA) and oxidized LDL (LDL-Px) levels (averages +/-SD).** The volunteers were enrolled, screened, and randomized as described in the "Material and Methods" Section and given study products as well as alcohol-containing beverages. The parameters were measured at "0" hours and after 1, 2.5, and 5 hours following the intervention.

                                 **MDA**µ**M**      **LDL-Px (E-460)**                                                                                            
  ------------------------------ ------------------ -------------------- ------------------ ------------- ------------- ----------- -------------- -------------- --------------
                                 **Time Points:**                        **Time Points:**                                                                         
  **Groups**                     "0" Hour           1 h                  2.5 h              5 h           **Groups**    "0" Hour    1 h            2.5 h          5 h
                                                                                                                                                                  
  **Alcohol Intake 0.5 ml/kg**                                                                                                                                    
                                                                                                                                                                  
  **Placebo**                    88.1±3.1           77.9±2.7*∗*          69.9±2.6*∗*        49.9±1.7*∗*   **Placebo**   218.9±3.6   225.6±1.7*∗*   237.4±2.8*∗*   243.4±3.6*∗*
                                                                                                                                                                  
  **PC**                         90.4±3.3           71.3±1.9*∗*          60.5±3.2*∗*        40.3±2.5*∗*   **PC**        223.4±2.3   227.6±2.1*∗*   230.1±2.2*∗*   228.4±2.7*∗*
                                                                                                                                                                  
  **PC+Lyc**                     87.3±2.9           66.0±1.6*∗*          48.1±2.0*∗*        25.1±2.3*∗*   **PC+Lyc**    225.6±2.7   218.0±3.4*∗*   210.4±3.0*∗*   195.4±2.9*∗*
                                                                                                                                                                  
  **Alcohol Intake 1.0 ml/kg**                                                                                                                                    
                                                                                                                                                                  
  **Placebo**                    93.4±1.8           65.4±2.6*∗*          57.3±2.5*∗*        35.4±2.0*∗*   **Placebo**   216.7±2.7   235.1±1.6*∗*   245.6±1.6*∗*   261.9±4.5*∗*
                                                                                                                                                                  
  **PC**                         91.6±2.3           57.4±1.9*∗*          54.2±2.6*∗*        30.3±3.1*∗*   **PC**        221.9±3.1   225.6±2.0      227.6±2.1*∗*   231.7±3.7*∗*
                                                                                                                                                                  
  **PC+Lyc**                     89.4±1.2           53.1±2.1*∗*          42.3±1.4*∗*        19.3±2.6*∗*   **PC+Lyc**    220.0±2.6   210.7±1.9*∗*   207.0±3.6*∗*   190.4±2.9*∗*

[^1]: Academic Editor: Masaru Shimada
